MASSACHUSETTS CLIMATE CHANGE PROJECTIONS

Researchers from the Northeast Climate Science Center at the University of Massachusetts
Amherst developed downscaled projections for changes in temperature, precipitation, and sea
level rise for the Commonwealth of Massachusetts. The Executive Office of Energy and
Environmental Affairs has provided support for these projections to enable municipalities,
industry, organizations, state government and others to utilize a standard, peer-reviewed set of
climate change projections that show how the climate is likely to change in Massachusetts
through the end of this century.

Temperature and Precipitation Projections

The temperature and precipitation climate change projections are based on simulations from
the latest generation of climate models® from the International Panel on Climate Change and
scenarios of future greenhouse gas emissions.” The models were carefully selected from a
larger ensemble of climate models based on their ability to provide reliable climate information
for the Northeast U.S., while maintaining diversity in future projections that capture some of
the inherent uncertainty in modeling climate variables like precipitation. The medium (RCP 4.5)
and high (RCP 8.5) emission scenarios were chosen for possible pathways of future greenhouse
gas emissions. A moderate scenario of future greenhouse gas emissions assumes a peak around
mid-century, which then declines rapidly over the second half of the century, while the highest
scenario assumes the continuance of the current emissions trajectory.

Fourteen climate models have been run with 2 emission scenarios each, which lead to 28
projections. The values cited in the tables below are based on the 10-90™" percentiles across the
28 projections, so they bracket the most likely scenarios. For simplicity, we use the terms
“...expected to...,” and “...will be...,” but recognize that these are estimates based on model
scenarios and are not predictive forecasts. The statewide projections comprising county- and
basin-level information are derived by statistically downscaling the climate model results.? They
represent the best estimates that we can currently provide for a range of anticipated changes in
greenhouse gases. Note that precipitation projections are generally more uncertain than
temperature.

These latest generation of climate models are included in the Coupled Model Intercomparison Project Phase 5
(CMIP5), which formed the basis of projections summarized in the IPCC Fifth Assessment Report (2013).

® Future greenhouse gas emissions scenarios are typically expressed as “Representative Concentration Pathways”
(RCPs). They indicate emissions trajectories that would lead to certain levels of radiative forcing by 2100, relative
to the pre-industrial state of the atmosphere; RCP4.5 equates to +4.5W m'z, and RCP 8.5 would be +8.5W m™. In
effect, they represent different pathways that society may or may not follow, to reduce emissions through climate
change mitigation measures.

* The Local Constructed Analogs (LOCA) method (Pierce et al., 2014) was used for the statistical downscaling of the
statewide projections.






Table 3: List and definitions of projected temperature indicators

Climate

. Climate Indicator Definition
Variable
Average annual or seasonal temperature expressed in degrees
Average temperature Fahrenheit (°F).
. Maximum annual or seasonal temperature expressed in degrees
Maximum temperature .
Fahrenheit (°F).
. Minimum annual or seasonal temperature expressed in degrees
Minimum temperature .
Fahrenheit (°F).
Days with Tmax > 90 °F | Number of days when daily maximum temperature exceeds 90°F.
Days with Tmax > 95 °F | Number of days when daily maximum temperature exceeds 95°F.
Days with Tmax > 100 °F | Number of days when daily maximum temperature exceeds 100°F.
Days with Tmin <32 °F | Number of days when daily minimum temperature is below 32 °F.
Days with Tmin < 0 °F Number of days when daily minimum temperature is below 0 °F.
Heating degree-days (HDD) are a measure of how much and for
how long outside air temperature was lower than a specific base
temperature. HDD are the difference between the average daily
Heating degree-days temperature and 65°F. For example, if the mean temperature is
(base 65 °F) 30°F, we subtract the mean from 65 and the result is 30 heating
degree-days for that day. HDD serves as a proxy that captures
Temperature energy consumption required to heat buildings, and is used in

utility planning and building design.5

Cooling degree-days
(base 65 °F)

Cooling degree days (CDD) are a measure of how much and for
how long outside air temperature was higher than a specific base
temperature. CDD are the difference between the average daily
temperature and 65°F. For example, if the temperature mean is
90°F, we subtract 65 from the mean and the result is 25 cooling
degree-days for that day. CDD serves as a proxy that captures
energy consumption required to cool buildings, and is used in
utility planning and building design. °

Growing degree-days
(base 50 °F)

Growing degree days (GDD) are a measure of heat accumulation
that can be correlated to express crop maturity (plant
development). GDD is computed by subtracting a base
temperature of 50°F from the average of the maximum and
minimum temperatures for the day. Minimum temperatures less
than 50°F are set to 50, and maximum temperatures greater than
86°F are set to 86. These substitutions indicate that no appreciable
growth is7detected with temperatures lower than 50° or greater
than 86°.

> For seasonal or annual projections, HDD are summed for the period of interest. For example, for winter HDD, one

would sum the HDD for December 1 through February 28. Degree-days are not the equivalent of calendar days and

thus why it is possible to have more than 365 degree-days.
® For seasonal or annual projections, CDD are summed for the period of interest. For example, for summer CDD,
one would sum the CDD for June 1 through August 31. Degree-days are not the equivalent of calendar days and
thus why it is possible to have more than 365 degree-days.
’ Definition adapted from National Weather Service. Degree-days are not the equivalent of calendar days and thus
why it is possible to have more than 365 degree-days.







and less vegetation cause a “heat island” effect that makes them hotter compared to
neighboring rural areas.

Urban residents in Massachusetts — especially those who are very young, ill, or elderly, and
those who live in older buildings without air conditioning — will face greater risks of serious
heat-related illnesses when extreme heat becomes more common. Extreme heat and dry
conditions or drought could also be detrimental to crop production, harvest and livestock.

While warmer winters may reduce burdens on energy systems, more heat in the summer may
put larger demands on aging systems, creating the potential for power outages. The number of
cooling degree days is expected to increase significantly by the end of the century adding to this
strain. In addition, heat can directly stress transmission lines, substations, train tracks, roads
and bridges, and other critical infrastructure.

Impacts from Changing Precipitation Conditions

Rainfall is expected to increase in spring and winter months in particular in Massachusetts, with
increasing consecutive dry days in summer and fall. More total rainfall can have an impact on
the frequency of minor but disruptive flooding events, especially in areas where storm water
infrastructure has not been adequately sized to accommodate higher levels. Increased total
rainfall will also affect agriculture, forestry and natural ecosystems.

More intense downpours often lead to inland flooding as soils become saturated and stop
absorbing more water, river flows rise, and the capacity of urban storm water systems is
exceeded. Flooding may occur as a result of heavy rainfall, snowmelt, or coastal flooding
associated with high wind and wave action, but precipitation is the strongest driver of flooding
in Massachusetts. Winter flooding is also common in the state, particularly when the ground is
frozen. The Commonwealth experienced 22 flood-related disaster declarations from 1954 to
2017 with many of these falling in winter or early spring, or during recent hurricanes.

The climate projections suggest that the frequency of high-intensity rainfall events will trend
upward. Overall, it is anticipated that the severity of flood-inducing weather events and storms
will increase, with events that produce sufficient precipitation to present a risk of flooding likely
increasing. A single intense downpour can cause flooding and widespread damage to property
and critical infrastructure. The coast will experience the greatest increase in high-intensity
rainfall days, but some level of increase will occur in every area of Massachusetts.

Intense rainfall in urbanized areas can cause pollutants on roads and parking lots to get washed
into nearby rivers and lakes, reducing habitat quality. As rainfall and snowfall patterns change,
certain habitats and species that have specific physiological requirements may be affected.



Climate projections for Massachusetts indicate that in future decades, winter precipitation
could increase, but by the end of the century most of this precipitation is likely to fall as rain
instead of snow due to warmer winters. There are many human and environmental impacts
that could result from this change including reduced snow cover for winter recreation and
tourism, less spring snow melt to replenish aquifers, higher levels of winter runoff, and lower
spring river flows for aquatic ecosystems.

A small projected decrease in average summer precipitation in Massachusetts could combine
with higher temperatures to increase the frequency of episodic droughts, like the one
experienced across the Commonwealth in the summer of 2016.

Droughts will create challenges for local water supply by reducing surface water storage and
the recharge of groundwater supplies, including private wells. More frequent droughts could
also exacerbate the impacts of flood events by damaging vegetation that could otherwise help
mitigate flooding impacts. Droughts may also weaken tree root systems, making them more
susceptible to toppling during high wind events.



Table 5: Statewide projected changes of temperature and precipitation variables by the middle and end of the

century, based on climate models and the medium and high pathways of future greenhouse gas emissions.

Projected changes for each climate indicator are given as a 30-year mean relative to the 1971-2000 baseline,

centered on the 2050s (2040-2069) and the 2090s (2080-2099).° The values cited are the range of the most likely

scenarios (10-90th percentile).

Observed Mid-Century End of Century
. . Value
Climate Indicator
1971-2000 Projected and Percent Change in Projected and Percent Change in
Average 2050s (2040-2069) 2090s (2080-2099)
o Increase by 2.8 to 6.2 °F Increase by 3.8 to 10.8 °F
Annual 47.6°F Increase by 6 to 13 % Increase by 8 to 23 %
. o Increase by 2.9 to 7.4 °F Increase by 4.1 to 10.6 °F
Winter 26.6°F Increase by 11 to 28 % Increase by 15 to 40 %
Average . 5° . 3°
g Spring 45.4 °F Increase by 2.5 to 5.5 °F Increase by 3.2 t0 9.3 °F
Temperature Increase by 6 to 12 % Increase by 7 to 20 %
Increase by 2.8 t0 6.7 °F Increase by 3.7 to 12.2 °F
7.9 °F
Summer 679 Increase by 4 to 10 % Increase by 6 to 18 %
Fall 50 °F Increase by 3.6 to 6.6 °F Increase by 3.9 to 11.5 °F
Increase by 7 to 13 % Increase by 8 to 23 %
Increase by 2.6 to 6.1 °F Increase by 3.4 to 10.7 °F
A | .0°F
nnua >80 Increase by 4 to 11 % Increase by 6 to 18 %
. o Increase by 2.5 to 6.8 °F Increase by 3.5 t0 9.6 °F
Winter 36.2°F Increase by 7 to 19 % Increase by 10 to 27 %
Maximum . o Increase by 2.3 to 5.4 °F Increase by 3.1 to0 9.4 °F
Spring 56.1°F
Temperature Increase by 4 to 10 % Increase by 6 to 17 %
. Increase by 2.6 to 6.7 °F Increase by 3.6 to 12.5 °F
Summer 789°F Increase by 3to 8 % Increase by 4to 16 %
Fall 60.6 °F Increase by 3.4 to 6.8 °F Increase by 3.8 to 11.9 °F
’ Increase by 6 to 11 % Increase by 6 to 20 %
o Increase 3.2 to 6.4 °F Increase by 4.1 to 10.9°F
Annual 37.1°F Increase by 9to 17 % Increase by 11 to 29 %
. Increase by 3.3 to 8.0 °F Increase by 4.6 to 11.4 °F
W 17.1°F
inter Increase by 19 to 47 % Increase by 27 to 66 %
Minimum
Sorin 34.6 °F Increase by 2.6 to 5.9 °F Increase by 3.3t09.2 °F
Temperature pring ' Increase by 8to 17 % Increase by 9 to 26 %
Increase by 3 to 6.9 °F Increase by 3.9 to 12 °F
8°F
Summer 268 Increase by 5to 12 % Increase by 7 to 21 %
Fall 39.4 °F Increase by 3.5 to 6.5 °F Increase by 4.0 to 11.4 °F

Increase by 9 to 16 %

Increase by 10 to 29 %

°A 20-yr mean is used for the 2090s because the climate models end at 2100.




Table 5 Continued

Observed Mid-Century End of Century
Value
Climate Indicator
1971-2000 Projected and Percent Change in Projected and Percent Change in
Average 2050s (2040-2069) 2090s (2080-2099)
Annual 5 days Increase by 7 to 26 days Increase by 11 to 64 days
Days with Winter 0 days No change No change
Tmax > 90°F | Spring <1 day10 Increase by 0 to 1 days Increase by O to 4 days
Summer 4 days Increase by 6 to 22 days Increase by 9 to 52 days
Fall <1 day9 Increase by O to 3 days Increase by 1 to 9 days
Annual <1 day9 Increase by 2 to 11 days Increase by 3 to 35 days
Days with Winter 0 days No change No change
Tmax > 95°F | Spring <1 day9 No change ::E:Zzz: Ez D aeap
Summer <1 day9 Increase by 2 to 10 days Increase by 3 to 32 days
Fall <1 day9 Increase by 0 to 1 day Increase by 0 to 3 days
Annual <1 day9 Increase by 0 to 3 days Increase by 0 to 13 days
Days with Winter 0 days No change No change
Tmax > 100°F | Spring 0 days No change No change
Summer <1 day9 Increase by 0 to 3 days Increase by 0 to 12 days
Fall 0 days No change Increase by 0 to 1 day
Annual 146 days Decrease by 19 to 40 days Decrease by 24 to 64 days
Days with Winter 82 days Decrease by 4 to 12 days Decrease by 6 to 25 days
Tmin < 32°F Spring 37 days Decrease by 6 to 15 days Decrease by 9 to 20 days
Summer <1 day9 No change No change
Fall 27 days Decrease by 8 to 13 days Decrease by 8 to 20 days
Annual 8 days Decrease by 4 to 6 days Decrease by 4 to 7 days
) Winter 8 days Decrease by 3 to 6 days Decrease by 4 to 6 days
?:1?: :’:)t::: Spring <1 day9 No change No change
Summer 0 days No change No change
Fall <1 day9 No change No change

1% Over the observed period, there were some years with at least 1 day with seasonal Tmax over (or Tmin under) a
certain threshold while in all the other years that threshold wasn’t crossed seasonally at all.




Table 5 Continued

Observed Mid-Century End of Century
. . Value
Climate Indicator
1971-2000 Projected and Percent Change in Projected and Percent Change in
Average 2050s (2040-2069) 2090s (2080-2099)
Annual 6839 Decrease by 773 to 1627 degree-days | Decrease by 1033 to 2533 degree-days
degree-days Decrease by 11 to 24 % Decrease by 15 to 37 %
Winter 3475 Decrease by 259 to 681 degree-days | Decrease by 376 to 973 degree-days
Heati degree-days Decrease by 7 to 20 % Decrease by 11 to 28 %
eating
. 1822 . -
Degree-Days | Spring Decrease by 213 to 468 degree-days Decreases by 283 to 727 degree-days
. degree-days Decrease by 12 to 26 % Decrease by 16 to 40 %
(Base 65°F)
Summer 134 Decrease by 63 to 101 degree-days Decrease by 76 to 120 degree-days
degree-days Decrease by 47 to 76 % Decrease by 65 to 89 %
Fall 1407 Decrease by 282 to 469 degree-days Decrease by 289 to 752 degree-days
degree-days Decrease by 20to 33 % Decrease by 21 to 53 %
Annual 457 Increase by 261 to 689 degree-days Increase by 356 to 1417 degree-days
degree-days Increase by 57 to 151 % Increase by 78 to 310 %
. 0
Cooling Winter degree-days Increase by 0 to 5 degree-days Increase by 0 to 5 degree-days
Degree-Days | Spring . 17 ; :ncrease Ey &132 :o g?;i;gree—days :ncrease Ey 13;2 1;2;;gree—days
egree-days ncrease o ncrease (o}
(Base 65°F) g Li i ° y °
Summer 397 Increase by 182 to 519 degree-days Increase by 260 to 1006 degree-days
degree-days Increase by 46 to 131 % Increase by 65 to 253 %
Fall 40 Increase by 40 to 139 degree-days Increase by 69 to 297 degree-days
degree-days Increase by 100 to 350 % Increase by 175 to 750 %
Annual 2344 Increase by 531 to 1210 degree-days | Increase by 702 to 2347 degree-days
degree-days Increase by 23 to 52 % Increase by 30 to 100 %
Winter 5 Increase by 1 to 13 degree-days Increase by 4 to 27 degree-days
. degree-days Increase by 21 to 260 % Increase by 74 to 563 %
Growing
Degree-Days | Spring 259 Increase by 88 to 226 degree-days Increase by 104 to 450 degree-days
. degree-days Increase by 34 to 87 % Increase by 40 to 174 %
(Base 50°F)
Summer 1644 Increase by 253 to 618 degree-days Increase by 342 to 1124 degree-days
degree-days Increase by 15 to 38 % Increase by 21 to 68 %
Fall 429 Increase by 172 to 394 degree-days Increase by 216 to 745 degree-days

degree-days

Increase by 40 to 92 %

Increase by 50 to 174 %




Table 5 Continued

Observed Mid-Century End of Century
Value
Climate Indicator
1971-2000 Projected and Percent Change in 2050s Projected and Percent Change in 2090s
Average (2040-2069) (2080-2099)
Annual 7 days Increase by 1 to 3 days Increase by 1 to 4 days
Days with Winter 2 days Increase by 0 to 1 days Increase by 0 to 2 days
Precipitation
e(; P ti‘i’o Spring 2 days Increase by 0 to 1 days Increase by 0 to 1 days
ver
Summer 2 days Increase by 0 to 1 days Increase by 0 to 1 days
a ays ncrease to 1 days ncrease to 1 days
Fall 2 day: | by O to 1 day | by O to 1 day.
Annual 1 day Increase by 0 to 1 days Increase by 0 to 1 days
Days with Winter <1 day11 Increase by < 1 day10 Increase by < 1 day10
Precipitation | Spring <1 day® Increase by < 1 day™® Increase by < 1 day™®
Over 2” Summer <1 day® Increase by < 1 day™® Increase by < 1 day™
Fall <1 day10 Increase by < 1 day10 Increase by < 1 day10
Annual <1 day10 Increase by < 1 day10 Increase by < 1 day10
Days with Winter 0 days No change Increase by < 1 day"®
Precipitation | Spring 0 days Increase by < 1 day10 Increase by < 1 day10
Over 4” Summer <1 day10 Increase by < 1 day10 Increase by < 1 day10
Fall <1 day10 Increase by < 1 day10 Increase by < 1 day10
. Increase by 1 to 6 inches Increase by 1.2 to 7.3 inches
Annual 47 inches Increase by 2 to 13 % Increase by 3to 16 %
Winter 11.2 inches | Increase by 0.1 to 2.4 inches Increase by 0.4 to 3.9 inches
Increase by 1 to 21 % Increase by 4 to 35 %
'I.'o.tal ) Spring 12 inches | Increase by 0.1 to 2 inches Increase by 0.4 to 2.7 inches
Precipitation Increase by 1to 17 % Increase by 3 to 22 %
Ssummer | 11.5inches | Decrease by 0.4 to Increase by 2 inches Decrease by 1.5 to Increase by 1.9 inches
Decrease by 3 % to Increase by 17 % Decrease by 13% to Increase by 16 %
Fall 12.2 inches | Decrease by 1.1 to Increase by 1.4 inches | Decrease by 1.7 to Increase by 1.4 inches
Decrease by 9 to Increase by 12 % Decrease by 14 to Increase by 11 %
Annual 17 days Increase by 0 to 2 days Increase by 0 to 3 days
. Winter 11 days Decrease by 1 to Increase by 1 days Decrease by 1 to Increase by 2 days
Consecutive -
Dry Days Spring 11 days Decrease by 1 to Increase by 1 day Decrease by 1 to Increase by 1 day
Summer 12 days Decrease by 1 to Increase by 2 days Decrease by 1 to Increase by 3 days
Fall 12 days Increase by 0 to 3 days Increase by 0 to 3 days

! Over the observed period, there were some years with at least 1 day with seasonal precipitation over a certain
threshold while in all the other years that threshold wasn’t crossed seasonally at all.




BLACKSTONE BASIN

MUNICIPALITIES WITHIN BLACKSTONE BASIN:

Attleboro, Auburn, Bellingham, Blackstone, Boylston, Douglas, Franklin, Grafton, Holden,
Hopedale, Hopkinton, Leicester, Mendon, Milford, Millbury, Millville, North Attleborough,
Northbridge, Oxford, Paxton, Plainville, Shrewsbury, Sutton, Upton, Uxbridge, Westborough,

West Boylston, Worcester, and Wrentham
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Many municipalities fall within more than one basin, so it is advised to use the climate
projections for the basin that contains the majority of the land area of the municipality.




BLACKSTONE BASIN

Blackstone Basin

Observed
Baseline
1971-2000

(°F)

Projected Change in
2030s (°F)

Mid-Century

Projected Change in
2050s (°F)

Projected Change in
2070s (°F)

End of Century

Projected Change in
2090s (°F)

Average
Temperature

Annual

48.2

+2.17 to +4.23

+2.88 to +6.29

+3.52 to +9.05

+3.78 to +11.06

Winter

27.14

+2.18 to +4.73

+2.77 to +7.23

+3.50 to +8.98

+3.90 to +10.39

Spring

46.21

+1.57 to +3.42

+2.40 to +5.59

+2.57 to +7.96

+3.09 to +9.74

Summer

68.6

+2.22 to +4.32

+2.83 to +6.94

+3.32 to +10.23

+3.89 to +12.55

Fall

50.45

+2.31 to +5.24

+3.96 to +6.90

+3.80 to +9.75

+4.25 to +12.06

Maximum
Temperature

Annual

58.7

+2.06 to +4.05

+2.68 to +6.23

+3.23 to +9.10

+3.46 to +10.95

Winter

36.79

+1.82 to +4.33

+2.40 to +6.69

+2.94 to +8.24

+3.37 to +9.61

Spring

57

+1.47 to +3.37

+2.14 to +5.56

+2.50 to +8.08

+3.01 to +9.70

Summer

79.48

+2.02 to +4.34

+2.70 to +6.87

+3.24 to +10.46

+3.73 to +12.78

Fall

61.13

+2.42 to +4.99

+3.69 to +7.11

+3.65 to +9.85

+4.12 to +12.36

Minimum
Temperature

Annual

37.7

+2.27 to +4.49

+3.13 to +6.50

+3.80 to +9.00

+4.09 to +11.11

Winter

17.49

+2.48 to +5.22

+3.17 to +7.73

+4.15 to +9.71

+4.38 to +11.24

Spring

35.42

+1.66 to +3.60

+2.64 to +5.96

+2.73 to +7.77

+3.17 to +9.62

Summer

57.73

+2.27 to +4.35

+2.97 to +7.04

+3.40 to +10.01

+4.06 to +12.35

Fall

39.78

+2.22 to +5.36

+3.91 to +6.81

+3.94 to +9.56

+4.38 to +11.97

e The Blackstone basin is expected to experience increased average temperatures throughout the

21* century. Maximum and minimum temperatures are also expected to increase throughout

the end of the century. These increased temperature trends are expected for annual and

seasonal projections.

e Seasonally, maximum summer and fall temperatures are expected to see the highest projected

increase throughout the 21% century.

O

O

Summer mid-century increase of 2.70 °F to 6.87 °F (3-12% increase); end of century
increase of 3.7 °F to 12.8 °F (5-16% increase).
Fall mid-century increase of 3.7 °F to 7.1°F (6-17% increase); end of century increase by
and 4.1 °F to 12.4 °F (7-20% increase).
e Seasonally, minimum winter and fall temperatures are expected to see the highest projected

increase throughout the 21% century.

O

Winter mid-century increase of 3.2 °F to 7.7 °F (18-44% increase); end of century
increase by 4.4 °F to 11.2 °F (25-64% increase).
Fall mid-century of 3.9 °F to 6.8 °F (10-17% increase); end of century increase of 4.4 °F to
12 °F (11-30% increase).




BLACKSTONE BASIN

Observed Mid-Century End of Century
Blackstone Basin Baseline
1971-2000 | Projected Change in | Projected Change in | Projected Change in Projected Change in
(Days) 2030s (Days) 2050s (Days) 2070s (Days) 2090s (Days)
Days with Annual 4.69 +5.41 to +1555 | +7.80 to +28.89 | +9.95 to +51.17 | +12.23 to +70.36
Maximum Winter 0.00 +0.00 to +0.00 +0.00 to +0.00 +0.00 to +0.00 | +0.00 to +0.00
Temperature | Spring 0.31 +0.02 to +0.69 +0.16 to +1.12 +0.24 to +2.37 +0.17 to +3.84
Over 90°F Summer | 4.2 +4.79 to +13.53 | +6.62 to +24.66 | +8.60 to +42.44 | +10.98 to +56.11
Fall 0.18 +0.40 to +1.73 +0.65 to +4.31 +0.68 to +8.13 +1.09 to +10.66
Days with Annual 0.35 +1.36 to +5.29 +1.90 to +11.42 | +2.55 to +24.98 | +3.71 to +39.61
Maximum Winter 0.00 +0.00 to +0.00 +0.00 to +0.00 +0.00 to +0.00 +0.00 to +0.00
Temperature Spring 0.00 +0.00 to +0.21 +0.02 to +0.32 +0.02 to +0.68 +0.03 to +1.27
Over 95°F Summer | 0.35 +1.32 to +4.85 +1.69 to +10.42 | +2.38 to +22.62 | +3.53 to +35.24
Fall 0.00 +0.03 to +0.49 +0.04 to +091 +0.11 to +2.57 +0.16 to +3.98
Days with Annual 0.02 +0.09 to +0.83 +0.16 to +2.75 +0.25 to +6.61 +0.19 to +14.02
Maximum Winter 0.00 +0.00 to +0.00 +0.00 to +0.00 0.00 to +0.00 +0.00 to +0.00
Temperature Spring 0.00 +0.00 to +0.01 +0.00 to +0.03 -0.00 to +0.11 +0.00 to +0.25
Over 100°F Summer | 0.02 +0.05 to +0.73 +0.14 to +2.64 +0.23 to +6.15 +0.19 to +12.91
Fall 0.00 +0.00 to +0.07 +0.00 to +0.17 +0.00 to +0.45 +0.00 to +0.83

e Due to projected increases in average and maximum temperatures throughout the end of the
century, the Blackstone basin is also expected to experience an increase in days with daily
maximum temperatures over 90 °F, 95 °F, and 100 °F.

o Annually, the Blackstone basin is expected to see days with daily maximum
temperatures over 90 °F increase by 8 to 29 more days by mid-century, and 12 to 70
more days by the end of the century.

o Seasonally, summer is expected to see an increase of 7 to 25 more days with daily
maximums over 90 °F by mid-century.

o By end of century, the Blackstone basin is expected to have 11 to 56 more days.




BLACKSTONE BASIN

Observed Mid-Century End of Century
. Baseline
Blackstone Basin
1971-2000 Projected Change in | Projected Change in | Projected Change in Projected Change in
(Days) 2030s (Days) 2050s (Days) 2070s (Days) 2090s (Days)
Days with Annual 5.96 -1.95 to -3.7 -2.34 to -4.31 -259 to -4.87 -2.68 to -5.06
Minimum Winter 5.9 -2.02 to -3.62 -2.33 to -4.11 -255 to -4.75 -2.67 to -4.97
Temperature Spring 0.07 -0.21 to +0.03 -0.00 to -0.22 -0.01 to -0.26 -0.02 to -0.26
Below 0°F Summer | 0.00 -0.00 to -0.00 -0.00 to -0.00 -0.00 to -0.00 -0.00 to -0.00
Fall 0.01 -0.01 to -0.00 -0.01 to -0.00 -0.01 to -0.00 -0.01 to -0.00
Days with Annual 142.52 -10.35 to -26.51 | -17.60 to -38.76 | -0.71 to -54.14 | -22.84 to -65.55
Minimum Winter 83.06 -2.24 to -7.14 -3.15 to -11.18 | -4.37 to -19.94 | -5.52 to -25.55
Temperature Spring 34.7 -3.07 to -10.81 | -5.94 to -15.34 | -7.48 to -19.82 | -8.21 to -21.09
Below 32°F Summer | 0.00 -0.08 to -0.00 -0.08 to -0.00 -0.09 to -0.00 -0.08 to -0.00

Fall 24.73

-4.86 to -10.69

-8.13 to -13.09

-8.32 to -17.04

-8.03 to -19.44

e Due to projected increases in average and minimum temperatures throughout the end of the

century, the Blackstone basin is expected to experience a decrease in days with daily minimum

temperatures below 32 °F and 0 °F.

e Seasonally, winter, spring and fall are expected to see the largest decreases in days with daily

minimum temperatures below 32 °F.

O

Winter is expected to have 3 to 11 fewer days by mid-century, and 6 to 26 fewer days by

end of century.

Spring is expected to have 6 to 15 fewer days by mid-century, and 8 to 21 fewer days by

end of century.

Fall is expected to have 8 to 13 fewer days by mid-century, and 8 to 19 fewer days by

end of century.




BLACKSTONE BASIN

Observed Mid-Century End of Century
Blackstone Basin Baseline
1971-2000
(Degree- Projected Change in Projected Change in Projected Change in Projected Change in
Days) 2030s (Degree-Days) 2050s (Degree-Days) 2070s (Degree-Days) 2090s (Degree-Days)
Annual 6650.72 -538.84 to -1133.04 | -745.49 to -1599.20 | -875.93 to -2128.13 | -990.84 to -2515.37
Heating Winter 3429.45 -186.30 to -440.85 -245.48 to -663.13 -310.30 to -815.38 -362.52 to -956.44
Degree-Days | Spring 1747.73 -128.37 to -291.86 -200.70 to -470.07 -218.72 to -632.48 -273.58 to -747.07
(Base 65F) | summer | 10368 3750 to 6433 |-50.19 to -83.60 |-57.38 to -9348 |-5873 to -99.19
Fall 1364.79 -169.45 to -389.97 -293.16 to -472.69 -272.88 to -653.75 -296.19 to -746.70
Annual 499.29 +225.59 to +444.27 | +295.30 to +758.47 +345.56 to +1188.08 | +397.92 to +1547.94
Cooling Winter | nan +051  to  +0.51 +1.04 to +2.39 +030  to  +2.20 1014  to  +4.62
Degree-Days .
(Base 65°F) Spring 19.72 +10.70 to +29.08 +18.73 to +57.09 +23.70 to +495.11 +20.28 to +131.50
Summer | 435 09 +161.24 to +337.36 | +199.79 to +557.86 +240.80 to +851.55 +286.26 to +1060.50
Fall 40.33 +35.97 to +97.21 | +51.30 to +164.68 | +59.76 to +259.59 | +86.45 to +347.34
Annual 2450.84 +426.76 to +817.08 | +581.58 to +1286.71 | +664.10 to +1991.79 | +749.29 to +2492.22
Growing Winter 6.17 -1.61 to +9.67 +0.16 to +13.36 +2.90 to +21.64 +2.45 to +27.96
Degree-Days | Spring 285.3 +67.01 to +140.75 | +91.09 to +246.18 +104.87 to +380.96 +110.94 to +496.40
(Base 50°F) | summer | 171152 +203.91 to +397.43 | +250.87 to +637.50 | +304.28 to +941.29 | +356.92 to +1153.86
Fall 441.81 +124.81 to +312.86 | +200.47 to +434.62 +192.84 to +638.78 +241.55 to +810.26

e Due to projected increases in average, maximum, and minimum temperatures throughout the
end of the century, the Blackstone basin is expected to experience a decrease in heating degree-
days, and increases in both cooling degree-days and growing degree-days.

e Seasonally, winter historically exhibits the highest number of heating degree-days and is
expected to see the largest decrease of any season, but spring and fall are also expected to see
significant change.

o The winter season is expected to see a decrease of 245 to 663 degree-days by mid-
century (a decrease of 7-19%), and a decrease of 363 to 956 degree-days by the end of
century (a decrease of 11-28%).

o The spring season is expected to decrease in heating degree-days by 11-27% (201-470
degree-days) by mid-century, and by 16-43% (274-747 degree-days) by the end of
century.

o The fall season is expected to decreases in heating degree-days by 21-35% (293-473
degree-days) by mid-century, and by and 22-55% (296-747 degree-days) by the end of
century.

e Conversely, due to projected increasing temperatures, summer cooling degree-days are
expected to increase by 46-128% (200-558 degree-days) by mid-century, and by 66-244% (286-
1061 degree-days) by end of century.




e Seasonally, summer historically exhibits the highest number of growing degree-days and is

expected to see the largest decrease of any season, but the shoulder seasons of spring and fall

are also expected to see an increase in growing degree-days.

The summer season is projected to increase by 15-37% (260-638 degree-days) by mid-
century, and by 21-67% (357-1154 degree-days) by end of century.
Spring is expected to increase by 32-86% (91-246 degree-days) by mid-century, and
39-174% (111-496 degree-days) by end of century.
Fall is expected to increase by 45-98% (200-435 degree-days) by mid-century and
55-183% (242-810 degree-days) by end of century.

BLACKSTONE BASIN

Mid-Century

End of Century

Observed

Blackstone Basin Baseline
1971-2000 | Projected Change in | Projected Change in | Projected Changein | Projected Change in

(Days) 2030s (Days) 2050s (Days) 2070s (Days) 2090s (Days)

Annual 8.45 +0.32 to +2.26 | +0.62 to +3.49 | +1.32 to +3.58 | +1.27 to +4.95
Days with ' \yinter | 1.92 -0.05 to +0.92 |+0.16 to +1.46 | +0.26 to +1.75 | +0.38 to +2.13
Predpitat’fon Spring 1.8 -0.10 to +0.68 | +0.03 to +1.02 | +0.24 to +1.32 | +0.13 to +1.61
Over 1 Summer | 2.02 016 to 4058 [-0.11 to +0.92 |-0.08 to +0.88 |-0.17 to +0.81
Fall 2.69 035 to +096 |-023 to +1.13 |-030 to +0.82 [-059 to +0.98
Annual | 0.98 +0.05 to 4052 | 40.13 to +0.57 | +0.18 to +0.64 | +0.19 to +0.87
Da‘_’s"”it_h Winter | 0.11 004 to +0.08|-002 to +0.13|-003 to +0.17 |-002 to +0.24
Prec'p'tat’:on spring | 0.15 0.03 to 4013|4001 to +0.13|+001 to +0.19 | +0.03 to +0.29
Over 2 Summer | 0.39 -0.06 to +40.19 [ -005 to +0.26 | -0.04 to +0.26 |-0.12 to +0.21
Fall 0.33 009 to +032|-007 to +032|-006 to +0.25 |-0.10 to +0.33
Annual | 0.01 -0.04 to +0.06 |-002 to +0.08 |-0.04 to +0.13 |-0.04 to +0.15
Days with | \yinter | 0.00 000 to -0.00 |-000 to -0.00 | -0.00 to +0.00 [-0.00 to +0.00
Predpitat'fon Spring | 0.00 0.00 to +001|-000 to +002|-000 to +0.03|-000 to +0.04
Over4 Summer | 0.01 -0.03 to +0.04 |-003 to +0.04 |-004 to +0.04 |-004 to +0.06
Fall 0.00 -0.03 to +0.06 |-003 to +0.06|-0.02 to +0.06 |-002 to +0.07

e The projections for expected number of days receiving precipitation over one inch are variable

for the Blackstone basin, fluctuating between loss and gain of days.

Seasonally, the winter season is generally expected to see the highest projected

increase.

The winter season is expected to see an increase in days with precipitation over one

inch 0-1 days by mid-century, and by 0-2 days by the end of century.

The spring season is expected to see an increase in days with precipitation over one inch

of 0-1 days by mid-century, and by 0-2 days by the end of century.




BLACKSTONE BASIN

Observed Mid-Century End of Century
Blackst Basi Baseline
aCKstone basin
1971-2000 Projected Change in Projected Change in | Projected Change in | Projected Change in
(Inches) 2030s (Inches) 2050s (Inches) 2070s (Inches) 2090s (Inches)
Annual 47.13 +0.26 to +5.53 | +1.35 to +6.79 | +2.49 to +8.67 | +1.62 to +8.71
Winter | 11.42 -0.37 to  +2.06 | +0.31 to +2.84 | +0.35 to +3.50 | +0.44 to +4.45
Total
e e . Spring 11.97 -0.09 to +2.16 | +0.06 to +2.26 | +0.47 to +2.83 | +0.26 to +2.80
Precipitation
Summer | 11.34 014 to  +165|-039 to +225 |-0.75 to +2.73 |-1.62 to +2.61
Fall 12.39 -1.15 to +1.39 | -1.33 to +2.13 | -1.59 to +1.89 | -1.78 to +1.69

e Similar to projections for number of days receiving precipitation over a specified threshold,

seasonal projections for total precipitation are also variable for the Blackstone basin.

o The winter season is expected to experience the greatest change (increase of 3-25% by

mid-century and 4-39% by end of century).

o Projections for the summer and fall seasons are more variable, and could see either a

drop or increase in total precipitation throughout the 21* century.

The summer season projections for the Blackstone basin could see a decrease of
0.4 to an increase of 2.3 inches by mid-century (decrease of 3% to increase of
20%), and a decrease of 1.6 to an increase of 2.6 inches by the end of the

century (decrease of 14% to increase of 23%).

The fall season projections for the Blackstone basin could see a decrease of

0.3 to an increase of 2.1 inches by mid-century (decrease of 11% to increase of
17%), and a decrease of 1.8 to an increase of 1.7 inches by the end of the
century (decrease of 14% to increase of 14%).

Observed Mid-Century End of Century
Blackst Basi Baseline
n in
ackstone bas 1971-2000 Projected Change in | Projected Change in Projected Change in Projected Change in
(Days) 2030s (Days) 2050s (Days) 2070s (Days) 2090s (Days)
Annual 16.63 -0.36 to +1.48 -0.34 to +2.05 | -1.00 to +2.42 | -059 to +2.92
Winter 11.53 -0.71 to +1.34 | -063 to +1.50 | -0.88 to +1.54 |-1.07 to +1.68
Consecutive
Spring 10.93 -1.19 to +0.78 -1.03 to +1.10 | -1.35 to +1.06 | -1.18 to +1.01
Dry Days
Summer | 12.09 -0.78 to +145 |-0.79 to +2.09 |-129 to +2.84 |-1.28 to +2.87
Fall 12.53 -0.30 to +1.80 -0.42 to +2.58 | -0.49 to +3.06 | -0.38 to +3.16

e Annual and seasonal projections for consecutive dry days, or for a given period, the largest

number of consecutive days with precipitation less than 1 mm (~0.04 inches), are variable

throughout the 21% century.

o Forall the temporal parameters, the Blackstone basin is expected to see a slight

decrease to an increase in consecutive dry days throughout this century.

o Seasonally, the fall and summer seasons are expected to continue to experience the

highest number of consecutive dry.

The fall season is expected to experience an increase of 0-3 days in consecutive

dry days by the end of the century.




BOSTON HARBOR BASIN

MUNICIPALITIES WITHIN BOSTON HARBOR BASIN:
Abington, Arlington, Avon, Belmont, Boston, Braintree, Brockton, Burlington, Cambridge,
Canton, Chelsea, Cohasset, Dedham, Dover, Everett, Foxborough, Hingham, Holbrook, Hull,

Lexington, Malden, Melrose, Medfield, Medford, Milton, Norwell, Norwood, Quincy, Randolph,

Reading, Revere, Rockland, Sharon, Somerville, Stoneham, Stoughton, Wakefield, Walpole,

Watertown, Westwood, Weymouth, Wilmington, Winchester, Winthrop, and Woburn
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Many municipalities fall within more than one basin, so it is advised to use the climate
projections for the basin that contains the majority of the land area of the municipality.



BOSTON HARBOR BASIN

Observed Mid-Century End of Century

Boston Harbor Basin | Baseline _ _ . . _ _ _ _
1971-2000 | Projected Changein | Projected Changein | Projected Change in | Projected Change in

(°F) 2030s (°F) 2050s (°F) 2070s (°F) 2090s (°F)
Annual 50.13 +2.07 to +3.99 +2.73 to +6.07 +3.18 to +8.92 +3.46 to +10.84
A Winter 29.84 +2.17 to +4.55 +2.87 to +6.89 +3.50 to +8.88 +3.87 to +10.34
verage
& Spring 47.65 +1.69 to +3.44 +2.34 to +5.41 +2.58 to +8.02 +3.13 to +9.79
Temperature

Summer | 70.07 +1.79 to +3.95 +2.34 to +6.52 +2.78 to +9.77 +3.39 to +12.11
Fall 52.58 +2.03 to +4.69 +3.52 to +6.53 +3.30 to +9.31 +3.78 to +11.60
Annual 59.55 +1.90 to +3.85 +2.56 to +6.00 +2.92 to +8.94 +3.19 to +10.74

. Winter 38.38 +1.85 to +4.32 +2.46 to +6.44 | +3.02 to +8.26 +3.42 to +9.56

Maximum -

Temperature Spring 57.46 +1.50 to +3.39 +2.03 to +5.42 +2.56 to +8.23 +3.08 to +9.66
Summer | 80.04 +1.69 to +3.99 +2.23 to +6.41 | +2.70 to +9.90 +3.22 to +12.21
Fall 61.93 +2.09 to +4.52 +3.30 to +6.66 +3.21 to +9.40 +3.63 to +11.78
Annual 40.7 +2.17 to +4.24 +2.91 to +6.22 +3.45 to +8.91 +3.75 to +10.95
Winter 21.31 +2.45 to +5.00 +3.24 to +7.34 +4.04 to +9.47 +4.33 to +10.91

Minimum
u Spring 37.84 +1.75 to +3.47 +2.64 to +5.71 +2.62 to +7.81 +3.25 to +9.76
Temperature

Summer | 60.11 +1.89 to +3.94 +2.44 to +6.76 +2.85 to +9.63 +3.56 to +12.02
Fall 43.22 +1.99 to +4.81 +3.49 to +6.45 +3.39 to +9.29 +3.92 to +1141

e The Boston Harbor basin is expected to experience increased average temperatures throughout

the 21% century. Maximum and minimum temperatures are also expected to increase

throughout the end of the century. These increased temperature trends are expected for annual

and seasonal projections.

e Seasonally, maximum summer and fall temperatures are expected to see the highest projected

increase throughout the 21% century.

o Summer mid-century increase of 2.2 °F to 6.4 °F (3-8% increase); end of century increase

of 3.2 °F to 12.2 °F (4-15% increase).

o Fall mid-century increase of 3.3 °F to 6.7°F (5-11% increase); end of century increase by
and 3.6 °F to 11.8 °F (6-19% increase).
e Seasonally, minimum winter and fall temperatures are expected to increase throughout the 21*

century.

o Winter mid-century increase of 3.2 °F to 7.3 °F (15-34% increase); end of century
increase by 4.3 °F to 10.9 °F (20-51% increase).
o Fall mid-century of 3.5 °F to 6.5 °F (8-15% increase); end of century increase of 3.9 °F to
11.4 °F (9-26% increase).




BOSTON HARBOR BASIN

Observed Mid-Century End of Century
Boston Harbor Basin | Baseline
1971-2000 | Projected Change in | Projected Change in | Projected Change in Projected Change in
(Days) 2030s (Days) 2050s (Days) 2070s (Days) 2090s (Days)
Days with Annual | 785 +5.60 to +1557 | +7.75 to +29.07 | +9.46 to +49.32 | +1154 to  +66.93
Maximum | Winter | 0.00 +0.00 to +0.00 |+0.00 to +0.00 | +0.00 to +0.00 | +0.00 to +0.00
Temperature Spring 0.5 +0.20 to +0.77 +0.37 to +1.35 +0.40 to +2.36 +0.29 to +3.97
Over 90°F | Summer | 704 +4.66 to +13.40 | +6.18 to +24.21 | +8.05 to +39.68 | +10.28 to  +51.95
Fall 0.31 +0.51 to +2.14 +0.73 to +4.89 +091 to +8.34 +1.19 to +10.97
Days with Annual 1.08 +1.77 to +6.53 +2.01 to +12.66 | +2.92 to +26.38 | +455 to  +40.58
Maximum | Winter | 0.00 +0.00 to +0.00 |+0.00 to +0.00 | +0.00 to +0.00 | +0.00 to +0.00
Temperature | Spring 0.01 +0.02 to +0.20 | +0.02 to +0.35 | +0.08 to +0.70 | +0.03 to +1.51
Over 95°F | Summer | 105 +1.55 to +5.99 | +1.89 to +11.24 | +2.70 to +23.32 | +4.34 to  +35.56
Fall 0.02 +0.06 to +0.67 | +0.08 to +1.55 | +0.16 to +3.53 | +0.26 to +4.83
Days with Annual | 0,05 +024 to +1.40 | +032 to +3.81 | +0.47 to +858 | +0.55 to +15.67
Maximum Winter 0.00 +0.00 to +0.00 +0.00 to +0.00 +0.00 to +0.00 +0.00 to +0.00
Temperature | Spring 0.00 +0.00 to +0.02 |+0.00 to +0.06 | +0.00 to +0.11 | +0.00 to +0.36
Over 100°F | Summer | 0,05 +0.21 to +124 | +026 to +3.60 | +0.45 to +7.71 | +0.52 to  +14.23
Fall 0.00 +0.00 to +0.13 | +0.00 to +0.28 |+0.00 to +0.70 | +0.01 to +1.21

e Due to projected increases in average and maximum temperatures throughout the end of the
century, the Boston Harbor basin is also expected to experience an increase in days with daily
maximum temperatures over 90 °F, 95 °F, and 100 °F.

o Annually, the Boston Harbor basin is expected to see days with daily maximum
temperatures over 90 °F increase by 8 to 29 more days by mid-century, and 12 to 67
more days by the end of the century.

o Seasonally, summer is expected to see an increase of 6 to 24 more days with daily
maximums over 90 °F by mid-century.

o By end of century, the Boston Harbor basin is expected to have 10 to 52 more days.




BOSTON HARBOR BASIN

Observed Mid-Century End of Century
Boston Harbor Basin lg;i‘flzlggo Projected Change in Projected Change in | Projected Change in Projected Change in
(Days) 2030s (Days) 2050s (Days) 2070s (Days) 2090s (Days)
Days with Annual 2.58 073 to -1.72 |-086 to -2.01 |-102 to -2.05 |-092 to 2.1
Minimum Winter 2.57 070 to -1.68 |-085 to -1.96 |-101 to -2.01 |-091 to -2.06
Temperature | Spring 0.01 008 to +0.01 |-009 to +0.00 |-011 to -0.00 |-011 to -0.00
Below 0°F | Summer | 000 000 to -000 |-000 to -000 |-000 to -0.00 [-000 to  -0.00
Fall 0.00 000 to -0.00 |-000 to -000 |-000 to -0.00 |-000 to -0.00
Days with Annual 119.21 -11.79 to -27.09 | -17.05 to -42.10 | -21.02 to -54.79 | -22.54 to -65.69
Minimum Winter 76.48 435 to -10.46 | -524 to -17.45 | -750 to -26.48 | -893 to -34.12
Temperature | Spring 26.51 344 to -1021 | -6.02 to -14.01 |-670 to -1817 | -7.95 to -19.54
Below 32°F | Summer | 000 003 to -000 |-004 to -000 |-004 to -000 |[-003 to -0.00
Fall 16.19 411 to -813 |-581 to -10.18 | -6.64 to -12.56 | -580 to  -14.06

e Due to projected increases in average and minimum temperatures throughout the end of the

century, the Boston Harbor basin is expected to experience a decrease in days with daily

minimum temperatures below 32 °F and O °F.

e Seasonally, winter, spring and fall are expected to see the largest decreases in days with daily

minimum temperatures below 32 °F.

O

Winter is expected to have 5 to 17 fewer days by mid-century, and 9 to 34 fewer by end

of century.

Spring is expected to have 6 to 14 fewer days by mid-century, and 8 to 20 fewer by end

of century.

Fall is expected to have 6 to 10 fewer days by mid-century, and 6 to 14 fewer days by

end of century.




BOSTON HARBOR BASIN

Observed Mid-Century End of Century
Boston Harbor Basin | Baseline
1971-2000
(Degree- Projected Change in Projected Change in Projected Change in Projected Change in
Days) 2030s (Degree-Days) 2050s (Degree-Days) 2070s (Degree-Days) 2090s (Degree-Days)
Annual 6078.6 -500.54 to -1035.05 | -672.05 to -1473.30 | -798.29 to -1955.65 | -899.41 to -2343.46
Heating Winter 3182.27 -190.90 to -420.59 -250.52 to -633.54 -311.79 to -805.90 -358.50 to -949.08
Degree-Days Spring 1623.3 -132.42 to -284.51 -190.37 to -446.56 -215.51 to -630.49 -277.90 to -742.49
(Base 65F) | summer | 77.66 2869  to -486 3441  to -6151 | -4023  to -71.65 | -43.54 to -74.94
Fall 1190.96 -142.96 to -330.92 -248.43 to -418.08 -232.46 to -591.26 -253.57 to -668.90
Annual 636.02 +216.50 to +443.48 | +281.45 to +763.73 | +326.69 to +1205.65 | +381.04 to +1558.59
Cooling Winter | nan +0.30 to  +4.18 -0.20 to  +5.14 -0.53 to  +3.30 -0.20 to  +5.28
Degree-Days .
(Base 65°F) Spring 26.94 +13.42 to +33.49 +23.11 to +63.87 +25.82 to +103.20 23.93 to +143.38
Summer | 54448 +135.55 to +320.64 +175.30 to +541.04 +212.87 to +828.15 +260.68 to +1041.01
Fall 60.45 +37.41 to +101.70 +57.30 to +191.31 +67.33 to +289.12 +94.46 to +375.83
Annual 2733.34 +393.15 to +798.33 +538.44 to +1251.18 | +605.73 to +1995.52 | +691.87 to +2508.24
Growing Winter 7.42 +1.44 to +16.84 +2.52 to +19.76 +7.07 to +36.68 +7.25 to +46.66
Degree-Days | Spring | 326.56 +76.91  to +152.27 | +101.00 to +261.65 | +105.69 to +408.29 | +122.03 to +527.10
(Base 50°F) Summer | 1846.85 +164.09 to +362.91 +214.53 to +599.63 +255.19 to +898.50 +311.56 to +1114.22
Fall 547.36 +108.67 to +298.71 | +198.14 to +441.05 +185.73 to +654.54 +236.44 to +817.90

e Due to projected increases in average, maximum, and minimum temperatures throughout the

end of the century, the Boston Harbor basin is expected to experience a decrease in heating

degree-days, and increases in both cooling degree-days and growing degree-days.

e Seasonally, winter historically exhibits the highest number of heating degree-days and is

expected to see the largest decrease of any season, but spring and fall are also expected to see

significant change.

o The winter season is expected to see a decrease of 251 to 634 degree-days by mid-

O

O

e Conversely, due to projected increasing temperatures, summer cooling degree-days are
expected to increase by 32-99% (175-541 degree-days) by mid-century, and by 48-191%

century (a decrease of 8-20%), and a decrease of 359 to 949 degree-days by the end of

century (a decrease of 11-30%).

The spring season is expected to decrease in heating degree-days by 12-28% (190-447
degree-days) by mid-century, and by 17-46% (278-742 degree-days) by the end of

century.

The fall season is expected to decreases in heating degree-days by 21-35% (248-718
degree-days) by mid-century, and by and 21-56% (254-669 degree-days) by the end of

century.

(261-1041 degree-days) by end of century.




e Seasonally, summer historically exhibits the highest number of growing degree-days and is

expected to see the largest decrease of any season, but the shoulder seasons of spring and fall

are also expected to see an increase in growing degree-days.

o The summer season is projected to increase by 12-32% (215-600 degree-days) by mid-
century, and by 17-60% (312-1114 degree-days) by end of century.
o Spring is expected to increase by 31-80% (101-262 degree-days) by mid-century and
37-161% (122.-527 degree-days) by end of century.
o Fallis expected to increase by 36-81% (198-441 degree-days) by mid-century and
43-149% (236-818 degree-days) by end of century.

BOSTON HARBOR BASIN

Mid-Century End of Century
Boston Harbor Observed
Basi Baseline
asin 1971-2000 Projected Change in Projected Change in | Projected Change in | Projected Change in
(Days) 2030s (Days) 2050s (Days) 2070s (Days) 2090s (Days)
Annual 9.06 +0.37 to +2.16 | +0.78 to +43.05 | +1.00 to +3.17 +1.28 to +4.43
Days with -
L Winter 2.4 -0.02  to +0.97 | +0.14 to +1.17 | 40.30 to +1.57 | 4041 to +2.20
Precipitation B
over 17 Spring 2.04 -0.04 to +0.82 | +0.00 to +1.08 | +0.18 to +1.30 +0.23 to +1.33
Summer | 196 -0.10 to +0.54 | -0.08 to +0.79 | -0.14 to +0.68 -0.17 to +0.61
Fall 2.64 021 to  +0.69 | -0.11 to +0.99 | -029 to +0.76 |-033 to +1.01
Annual 1.27 +0.05 to +0.58 | +0.10 to +0.74 | +0.11 to +0.88 +0.27 to +1.19
Days with -
e Winter | 0.2 002 to  +0.17 | 0.01  to +0.22 | +0.00 to +0.30 | +0.02 to +0.34
Precipitation B
Over 2” Spring 0.21 -0.07 to +0.17 | -0.01 to +0.24 | -0.02 to +0.24 +0.01 to +0.36
Summer 0.41 -0.08 to +0.23 | -0.03 to +0.23 | -0.09 to +0.15 -0.07 to +0.13
Fall 0.44 006 to  +0.29|-0.04 to +0.26 | +0.01 to +0.32 |-0.08 to +0.45
Annual 0.08 -0.03 to +0.15 | -0.01 to +0.13 | -0.03 to +0.16 -0.03 to +0.20
Days with .
o Winter | 0.00 000 to  -0.00 | -0.00 to -0.00 | -000 to -0.00 |-0.00 to -0.00
Precipitation :
Over 4” Spring 0.00 -0.01 to +0.04 | -0.00 to +0.03 | -0.01 to +0.04 -0.00 to +0.06
Summer | 0.03 -0.03 to +0.07 | -0.02 to +0.06 | -0.03 to +0.06 -0.02 to +0.10
Fall 0.05 -0.02 to +0.07 | -0.01 to +0.08 | -0.02 to +0.10 -0.02 to +0.12

e The projections for expected number of days receiving precipitation over one inch are variable

for the Boston Harbor basin, fluctuating between loss and gain of days.

o Seasonally, the winter season is generally expected to see the highest projected

increase.

o The winter season is expected to see an increase in days with precipitation over one

inch of 0-1 days by mid-century, and by 0-2.days by the end of century.

o The spring season is expected to see an increase in days with precipitation over one inch

of 0-1 days) by mid-century, and by 0-1 days) by the end of century.




BOSTON HARBOR BASIN

Observed Mid-Century End of Century

Boston Harbor Baseline
Basin 1971-2000 Projected Change in Projected Change in | Projected Change in | Projected Change in
(Inches) 2030s (Inches) 2050s (Inches) 2070s (Inches) 2090s (Inches)
Annual 46.07 +0.02 to +4.67 | +0.30 to +6.20 | +1.19 to +7.67 | +1.09 to +9.03
T | Winter 11.82 -0.41 to +1.88 | -0.02 to +2.35 | +0.37 to +3.01 | +0.37 to +4.07

ota

Precipitation Spring 11.59 -0.10 to +2.24 | +0.03 to +2.18 | +0.14 to +2.71 | +0.30 to +2.83
Summer | 10.51 -0.49 to +1.56 | -0.41 to +1.86 | -1.01 to +2.77 | -1.66 to +2.23
Fall 12.18 -0.92 to +1.18 | -1.02 to +1.60 | -1.74 to +2.08 | -1.64 to +1.78

e Similar to projections for number of days receiving precipitation over a specified threshold,
seasonal projections for total precipitation are also variable for the Boston Harbor basin.
o The winter season is expected to experience the greatest change with an increase of
0-20% by mid-century, and 3-34% by end of century.
o Projections for the summer and fall seasons are more variable, and could see either a
drop or increase in total precipitation throughout the 21* century.
The summer season projections for the Boston Harbor basin could see a
decrease of 0.4 to an increase of 1.9 inches by mid-century (decrease of 4% to
increase of 18%), and a decrease of 1.7 to an increase of 2.2 inches by the end
of the century (decrease of 16% to increase of 21%).
The fall season projections for the Boston Harbor basin could see a decrease of
1.0 to an increase of 1.6 inches by mid-century (decrease of 8% to increase of
13%), and a decrease of 1.6 to an increase of 1.8 inches by the end of the
century (decrease of 13% to increase of 15%).

Observed Mid-Century End of Century
Boston Harbor Baseline
Basin 1971-2000 Projected Change in Projected Change in | Projected Change in | Projected Change in
(Days) 2030s (Days) 2050s (Days) 2070s (Days) 2090s (Days)
Annual 17.46 -0.29 to +1.41 | -041 to +2.17 |-093 to +2.88 |-059 to +3.64
. Winter 11.09 -0.72 to +1.44 | -0.52 to +1.59 -0.69 to +2.08 -1.00 to +2.01
Consecutive :
Dry Days Spring 11.37 -1.05 to +0.55 | -1.10 to +1.24 -144 to +1.47 -1.31 to +1.27
Summer | 12.58 -1.16 to +1.27 | -0.95 to +2.27 -1.26 to +3.05 -1.44 to +2.41
Fall 12.78 -0.20 to +2.02 | -0.18 to +2.66 |-040 to +3.08 |-045 to +3.00

e Annual and seasonal projections for consecutive dry days, or for a given period, the largest
number of consecutive days with precipitation less than 1 mm (~0.04 inches), are variable
throughout the 21% century.

o For all the temporal parameters, the Boston Harbor basin is expected to see a slight
decrease to an increase in consecutive dry days throughout this century.
o Seasonally, the fall and summer seasons are expected to continue to experience the

highest number of consecutive dry days.
The fall season is expected to experience an increase of 0-3 days in consecutive

dry days by the end of the century.




BUZZARDS BAY BASIN

MUNICIPALITIES WITHIN BUZZARDS BAY BASIN:
Acushnet, Bourne, Carver, Dartmouth, Fairhaven, Fall River, Freetown, Lakeville, Marion,
Mattapoisett, Middleborough, New Bedford, Plymouth, Rochester, Wareham, Westport
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Many municipalities fall within more than one basin, so it is advised to use the climate
projections for the basin that contains the majority of the land area of the municipality.



BUZZARDS BAY BASIN

Observed Mid-Century End of Century
Buzzards Bay Basin | Baseline . . . . _ _ . .
1971-2000 | Projected Change in | Projected Change in | Projected Change in Projected Change in
(°F) 2030s (°F) 2050s (°F) 2070s (°F) 2090s (°F)
Annual 50.67 +1.93 to +3.63 | +2.56 to +5.85 | +2.96 to +8.49 | +3.28 to +10.34
Winter 31.25 +2.09 to +4.15 | +2.77 to +6.44 | +3.25 to +8.45 | +3.63 to +9.82
Average .
Temperature Spring 47.34 +1.90 to +3.56 | +2.55 to +5.67 | +2.78 to +7.59 | +3.28 to +9.17
Summer | 70.11 +1.55 to +3.72 | +2.05 to +6.13 | +2.56 to +9.35 | +3.13 to +11.24
Fall 53.64 +1.95 to +4.08 | +3.22 to +6.10 | +2.98 to +8.72 | +3.47 to +10.73
Annual 59.52 +1.83 to +3.63 | +2.38 to +5.78 | +2.69 to +8.48 | +3.03 to +10.19
. Winter | 3972 +1.78 to +4.00 | +2.42 to +5.94 | +2.86 to +7.81 | +3.28 to +9.12
Maximum Sorin
Temperature pring 56.27 +1.75 to +3.52 | +2.23 to +5.41 | +2.72 to +7.60 | +3.15 to +9.07
Summer | 7916 +1.45 to +3.61 | +1.93 to +6.08 | +2.45 to +9.33 | +2.88 to +11.16
Fall 62.57 +1.90 to +4.10 | +3.00 to +6.17 | +2.90 to +8.58 | +3.26 to +10.85
Annual | 4182 +2.03 to +3.70 | +2.77 to +5.97 | +3.24 to +8.50 | +3.57 to +10.44
. Winter 22.78 +2.36 to +4.40 | +3.10 to +6.94 | +3.71 to  +9.10 | +4.03 to  +10.52
Minimum Sorin
Temperature pring 384 +1.94 to +3.72 | +2.87 to +5.93 | +2.84 to +7.78 | +3.40 to +49.22
Summer | 61.05 +1.65 to +3.79 | +2.16 to +6.18 | +2.67 to +9.30 | +3.37 to +11.31
Fall 44.72 +1.98 to +4.26 | +3.29 to +6.10 | +3.09 to +8.75 | +3.72 to +10.72

The Buzzards Bay basin is expected to experience increased average temperatures throughout
the 21% century. Maximum and minimum temperatures are also expected to increase
throughout the end of the century. These increased temperature trends are expected for annual
and seasonal projections.
Seasonally, maximum summer and fall temperatures are expected to see the highest projected
increase throughout the 21% century.
o Summer mid-century increase of 1.9 °F to 6.1 °F (2-8% increase); end of century increase
of 2.9 °F to 11.2 °F (4-14% increase).
o Fall mid-century increase of 3.0 °F to 6.2°F (5-10% increase); end of century increase by
and 3.3 °F to 10.9 °F (5-17% increase).
Seasonally, minimum winter and fall temperatures are expected to see increases throughout the
21 century.
o Winter mid-century increase of 3.1 °F to 6.9 °F (14-30% increase); end of century
increase by 4.0 °F to 10.5 °F (18-46% increase).
o Fall mid-century of 3.3 °F to 6.1 °F (7-14% increase); end of century increase of 3.7 °F to
10.7 °F (8-24% increase).




BUZZARDS BAY BASIN

Observed Mid-Century End of Century
Buzzards Bay Basin | Baseline _ _ . . _ _ . .
1971-2000 | Projected Change in | Projected Change in | Projected Change in Projected Change in
(Days) 2030s (Days) 2050s (Days) 2070s (Days) 2090s (Days)
Days with Annual 441 +3.20 to +9.23 | +420 to +20.84 | +5.88 to +39.91 | +8.16 to  +55.00
Maximum Winter 0.00 +0.00 to +0.00 +0.00 to +0.00 +0.00 to +0.00 +0.00 to +0.00
Temperature Spring 0.18 +0.00 to +0.32 +0.03 to +0.53 +0.06 to +0.97 +0.08 to +1.46
Over 90°F | Summer | 405 +2.99 to +848 | +3.84 to +18.80 | +559 to +35.46 | +7.46 to  +47.83
Fall 0.19 +0.18 to +0.82 +0.30 to +1.59 +0.29 to +4.12 +0.53 to +6.14
Days with Annual 0.64 +0.74 to +2.60 | +1.01 to +6.45 | +1.43 to +15.07 | +2.06 to +25.37
Maximum Winter 0.00 +0.00 to +0.00 +0.00 to +0.00 +0.00 to +0.00 +0.00 to +0.00
Temperature | Spring 0.03 -0.01 to +0.11 +0.00 to +0.16 +0.01 to +0.25 +0.01 to +0.39
Over 95°F | Summer | g 61 +0.70 to +2.46 | +0.97 to +6.04 | +138 to +14.13 | +1.96 to +23.75
Fall 0.00 +0.00 to +0.13 | +0.02 to +0.29 | +0.02 to +0.92 | +0.04 to +1.43
Dayswith | Amnual | 0.05 +0.04 to +0.39 | +0.09 to +1.40 | +0.14 to +3.44 | +0.12 to +7.30
Maximum Winter 0.00 +0.00 to +0.00 +0.00 to +0.00 +0.00 to +0.00 +0.00 to +0.00
Temperature | Spring 0.00 +0.00 to +0.01 +0.00 to +0.03 +0.00 to +0.04 +0.00 to +0.10
Over 100°F | Summer | 0,05 +0.04 to +039 |+0.09 to +136 |+0.14 to +338 |+0.11 to +7.03
Fall 0.00 +0.00 to +0.01 +0.00 to +0.03 +0.00 to +0.07 +0.00 to +0.23

e Due to projected increases in average and maximum temperatures throughout the end of the

century, the Buzzards Bay basin is also expected to experience an increase in days with daily

maximum temperatures over 90 °F, 95 °F, and 100 °F.

O

Annually, the Buzzards Bay basin is expected to see days with daily maximum

temperatures over 90 °F increase by 4 to 21 more days by mid-century, and 8 to 55

more days by the end of the century.

Seasonally, summer is expected to see an increase of 4 to 19 more days with daily

maximums over 90 °F by mid-century.

By end of century, the Buzzards Bay basin is expected to have 7 to 48 more days.




BUZZARDS BAY BASIN

Observed Mid-Century End of Century
Buzzards Bay Basin lg;i‘flzlggo Projected Change in | Projected Changein | Projected Change in Projected Change in
(Days) 2030s (Days) 2050s (Days) 2070s (Days) 2090s (Days)
Days with Annual | 17 032 to -075 |-040 to -09 048 to -0.89 |-045 to -0.94
Minimum Winter | 17 033 to -075 |-039 to -089 |-048 to -0.88 |-045 to -0.93
Temperature | Spring 0.00 001 to -000 |-001 to -000 |-001 to -0.00 |-0.01 to -0.00
Below 0°F | Summer | 0,00 000 to -000 |-000 to -000 |-000 to -000 |-0.00 to  -0.00
Fall 0.00 000 to -000 |-000 to -000 |-000 to -0.00 |-0.00 to -0.00
Days with Annual | 110,78 -13.67 to -27.90 | -19.56 to -43.51 | -23.01 to -55.47 | -24.34 to -66.53
Minimum Winter | 7333 533 to -11.52 | -662 to -19.83 |-932 to -29.03 | -10.37 to -36.99
Temperature | Spring 24.56 498 to -10.8 |-681 to -1452 |-7.77 to -17.95 | -9.31 to -19.04
Below 32°F | Summer | 0,00 005 to -000 |-004 to -000 |-004 to -000 |-004 to  -0.00
Fall 12.8 386 to -732 |-515 to -897 |-588 to -11.08 | -596 to -12.38

e Due to projected increases in average and minimum temperatures throughout the end of the

century, the Buzzards Bay basin is expected to experience a decrease in days with daily

minimum temperatures below 32 °F and O °F.

e Seasonally, winter, spring and fall are expected to see the largest decreases in days with daily

minimum temperatures below 32 °F.

O

Winter is expected to have 7 to 20 fewer days by mid-century, and 10 to 37 fewer by

end of century.

Spring is expected to have 7 to 15 fewer days by mid-century, and 9 to 19 fewer by end

of century.

Fall is expected to have 5 to 9 fewer days by mid-century, and 6 to 12 fewer days by end

of century.




BUZZARDS BAY BASIN

Observed Mid-Century End of Century
Buzzards Bay Basin | Baseline
1971-2000
(Degree- Projected Change in Projected Change in Projected Change in Projected Change in
Days) 2030s (Degree-Days) 2050s (Degree-Days) 2070s (Degree-Days) 2090s (Degree-Days)
Annual 5866.07 -502.07 to -972.40 -707.22 to -1454.90 | -811.86 to -1927.02 | -878.91 to -2283.39
Heating Winter 3055.55 -189.79 to -383.41 -246.96 to -589.79 -293.52 to -765.13 -327.13 to -904.75
Degree-Days | gpring 1639.46 -160.90 to -307.61 | -217.22 to -480.17 | -24136 to -625.48 | -297.03 to -727.64
(Base 65°F) | g ummer | 66.92 2255  to -44.08 | 3269  to -53.58 | -33.62 to -62.98 | -3895 to -66.27
Fall 1100.85 -133.03 to -290.86 -233.74 to -399.50 -223.38 to -563.66 -241.15 to -637.87
Annual 621.97 +190.86 to +404.33 +242.16 to +683.45 +284.03 to +1120.38 | +347.50 to +1422.93
Cooling Winter | nan +0.04 to +3.78 +0.18 to  +4.39 -1.17 to  +3.69 +0.68 to  +5.06
Degree-Days
o Spring 16.08 +9.41 to +25.22 +13.30 to +47.93 +15.26 to +78.39 +16.45 to +103.66
(Base 65°F)
Summer | 536.93 +119.64 to +302.66 +152.55 to +512.36 +199.66 to +794.65 +245.69 to +972.31
Fall 67.47 +30.83 to +87.11 +46.88 to +160.43 +53.66 to +250.81 +81.12 to +329.68
Annual 2733.75 +363.23 to +753.00 +485.70 to +1198.52 | +557.97 to +1890.34 | +655.10 to +2361.45
Growing Winter 6.6 +1.12 to +14.00 +1.76 to +21.67 +5.80 to +38.46 +6.67 to +53.52
Degree-Days Spring 280.36 +72.55 to +144.02 | +95.59 to +245.61 +102.23 to +368.72 +109.63 to +478.66
B 50°F
(Base ) Summer | 1850.06 +142.55 to +341.83 | +187.68 to +563.70 +234.80 to +860.40 +287.00 to +1034.33
Fall 593.39 +98.75 to +263.17 +179.09 to +410.67 +169.57 to +602.92 +219.19 to +764.68

e Due to projected increases in average, maximum, and minimum temperatures throughout the

end of the century, the Buzzards Bay basin is expected to experience a decrease in heating

degree-days, and increases in both cooling degree-days and growing degree-days.

e Seasonally, winter historically exhibits the highest number of heating degree-days and is

expected to see the largest decrease of any season, but spring and fall are also expected to see

significant change.

o The winter season is expected to see a decrease of 247 to 590 degree-days by mid-
century (a decrease of 8-19%), and a decrease of 327 to 905 degree-days by the end of
century (a decrease of 11-30%).

o The spring season is expected to decrease in heating degree-days by 13-29% (217-480
degree-days) by mid-century, and by 18-44% (297-728 degree-days) by the end of
century.

o The fall season is expected to decreases in heating degree-days by 21-36% (234-400
degree-days) by mid-century, and by and 22-58% (241-638 degree-days) by the end of
century.

e Conversely, due to projected increasing temperatures, summer cooling degree-days are
expected to increase by 28-95% (153-512 degree-days) by mid-century, and by 46-181% (246-
972 degree-days) by end of century.




e Seasonally, summer historically exhibits the highest number of growing degree-days and is

expected to see the largest decrease of any season, but the shoulder seasons of spring and fall

are also expected to see an increase in growing degree-days.

O

century, and by 16-56% (287-1034 degree-days) by end of century.

and 39-171% (110-479 degree-days) by end of century.

37-129% (219-765 degree-days) by end of century.

BUZZARDS BAY BASIN

The summer season is projected to increase by 10-30% (188-564 degree-days) by mid-

Spring is expected to see an increase by 34-88% (96-246 degree-days) by mid-century

Fall is expected to see an increase by 30-69% (179-411 degree-days) by mid-century and

Mid-Century End of Century
Observed
Buzzards Bay Basin | Baseline
1971-2000 | Projected Changein | Projected Changein | Projected Change in | Projected Change in
(Days) 2030s (Days) 2050s (Days) 2070s (Days) 2090s (Days)
Annual 8.03 +0.31 to +1.92 | +0.81 to +2.67 | +0.77 to +3.02 +1.08 to +3.79
Days with ]
. Winter 1.87 +0.02 to +0.77 | +0.20 to +0.95 | +0.19 to +1.17 +0.36 to +1.76
Precipitation
over 1” Spring 1.87 +0.06 to +0.82 | +0.13 to +1.08 | +0.26 to +1.31 +0.30 to +1.38
Summer | 2.08 -0.34 to +0.56 | -0.12 to +0.59 | -0.14 to +0.51 -043 to +0.68
Fall 2.2 -0.25 to +0.52 | -0.24 to +0.89 | -0.22 to +0.76 -0.28 to +1.14
Annual 0.99 +0.04 to +0.53 | +0.17 to +0.70 | +0.14 to +0.82 +0.23 to +1.01
Days with ]
L. Winter 0.2 -0.04 to +0.19 | +0.01 to +0.19 | -0.01 to +0.27 +0.02 to +0.34
Precipitation
Over 2” Spring 0.14 -0.02 to +0.16 | -0.01 to +0.27 | +0.03 to +0.25 +0.01 to +0.30
Summer | 0.39 -0.09 to +0.15 | -0.06 to +0.18 | -0.08 to +0.19 -0.15 to +0.22
Fall 0.26 -0.02 to +0.27 | +0.01 to +0.28 | +0.00 to +0.33 -0.06 to +0.39
Annual 0.05 -0.02 to +0.07 | -0.01 to +0.05 | +0.00 to +0.08 -0.01 to +0.09
Days with ]
L Winter 0.00 +0.00 to +0.01 | +0.00 to +0.01 | +0.00 to +0.02 +0.00 to +0.04
Precipitation
Over 4” Spring 0.00 -0.01 to +0.03 | -0.00 to +0.03 | +0.00 to +0.05 -0.01 to +0.05
Summer | 0.04 -0.03 to +0.03 | -0.02 to +0.03 [ -0.02 to +0.04 -0.02 to +0.03
Fall 0.01 -0.01 to +0.03 | -0.00 to +0.03 | +0.00 to +0.03 -0.02 to +0.04

e The projections for expected number of days receiving precipitation over one inch are variable

for the Buzzards Bay basin, fluctuating between loss and gain of days.

O

increase.

inch of 0-1 days by mid-century, and by 0-2 days by the end of century.

of 0-1 days by mid-century, and by 0-1 days by the end of century.

Seasonally, the winter season is generally expected to see the highest projected

The winter season is expected to see an increase in days with precipitation over one

The spring season is expected to see an increase in days with precipitation over one inch




BUZZARDS BAY BASIN

Observed Mid-Century End of Century
Baseline
Buzzards Bay Basin
uzzards ay bas 1971-2000 Projected Change in Projected Change in | Projected Change in | Projected Change in
(Inches) 2030s (Inches) 2050s (Inches) 2070s (Inches) 2090s (Inches)
Annual 47.76 -0.68 to +3.87 | +0.33 to +543 | +0.70 to +6.13 | +0.28 to +6.76
Total Winter 12.56 -0.30 to +1.56 | -0.01 to +194 | +0.21 to +2.62 | +0.13 to +3.90
ota
Precipitation Spring 12.15 -0.09 to +191 | -0.06 to +2.18 | +0.13 to +2.36 | +0.07 to +2.67
Summer | 10.99 -0.97 to +1.12 | -0.87 to +1.50 | -1.80 to +1.92 | -2.29 to +1.83
Fall 12.05 -0.74 to +0.82 | -1.01 to +1.51 | -1.64 to +1.73 | -1.72 to +1.21

e Similar to projections for number of days receiving precipitation over a specified threshold,
seasonal projections for total precipitation are also variable for the Buzzards Bay basin.
o The winter season is expected to experience the greatest change with an increase of 0-
15% by mid-century, and 1-31% by end of century.
o Projections for the summer and fall seasons are more variable, and could see either a
drop or increase in total precipitation throughout the 21*' century.
The summer season projections for the Buzzards Bay or basin could see a
decrease of 0.9 to an increase of 1.5 inches by mid-century (decrease of 8% to
increase of 14%), and a decrease of 2.3 to an increase of 1.8 inches by the end
of the century (decrease of 21% to increase of 17%).
The fall season projections for the Buzzards Bay basin could see a decrease of
1.0 to an increase of 1.5 inches by mid-century (decrease of 8% to increase of
13%), and a decrease of 1.7 to an increase of 1.2 inches by the end of the
century (decrease of 14% to increase of 10%).

Observed Mid-Century End of Century
Buzzards Bay Baseline

Basin 1971-2000 Projected Change in Projected Change in | Projected Change in | Projected Change in

(Days) 2030s (Days) 2050s (Days) 2070s (Days) 2090s (Days)

Annual 17.49 -0.43 to +1.86 | -0.28 to +2.26 |-065 to +3.31 |-021 to +4.08

. Winter 10.11 -0.57 to +1.50 | -0.50 to +1.47 -0.40 to +1.93 -0.80 to +2.14

Consecutive :

Dry Days Spring 11.36 -0.62 to +0.76 | -0.96 to +1.35 -1.04 to +1.17 -0.92 to +1.40
Summer | 14.08 -1.03 to +1.53 | -0.77 to +193 |-0.72 to +271 |-049 to +3.49

Fall 13.31 -0.21 to +2.35 | -0.24 to +2.57 -0.24 to +2.74 -0.06 to +3.18

e Annual and seasonal projections for consecutive dry days, or for a given period, the largest
number of consecutive days with precipitation less than 1 mm (~0.04 inches), are variable
throughout the 21* century.

o Forall the temporal parameters, the Buzzards Bay basin is expected to see a slight
decrease to an increase in consecutive dry days throughout this century.
o Seasonally, the fall and summer seasons are expected to continue to experience the

highest number of consecutive dry days.
The summer season is expected to experience an increase of 0-4 days in
consecutive dry days by the end of the century.




CAPE COD BASIN
MUNICIPALITIES WITHIN CAPE COD BASIN:

Barnstable, Bourne, Brewster, Chatham, Dennis, Eastham, Falmouth, Harwich, Mashpee,
Orleans, Provincetown, Sandwich, Truro, Wellfleet, Yarmouth
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Many municipalities fall within more than one basin, so it is advised to use the climate

projections for the basin that contains the majority of the land area of the municipality.



CAPE COD BASIN

Observed Mid-Century End of Century
Cape Cod Basin Baseline _ _ ) ) _ _ ) )
1971-2000 Projected Change in Projected Change in Projected Change in Projected Change in
(°F) 2030s (°F) 2050s (°F) 2070s (°F) 2090s (°F)
Annual 49.92 +1.78 to +3.41 +2.41 to +5.39 | +2.74 to +7.78 | +3.11 to +9.52
A Winter 31.92 +1.76 to +3.72 +2.50 to +5.70 | +3.07 to +7.69 | +3.35 to +9.20
verage -
Temperature Spring 45.98 +1.73 to +3.23 +2.16 to +5.04 | +2.59 to +6.74 | +2.94 to +7.69
Summer | 68.15 +1.50 to +3.62 +2.08 to +5.66 | +2.45 to +8.58 | +3.03 to +10.43
Fall 53.32 +1.92 to +3.83 +3.03 to +5.86 | +2.85 to +8.29 | +3.35 to +10.06
Annual 57.74 +1.63 to +3.38 +2.19 to +5.23 | +2.43 to +7.73 | +2.82 to +9.26
. Winter 39.76 +1.52 to +3.60 +2.10 to +5.27 | +2.60 to +7.27 | 43.01 to +8.65
Maximum -
Temperature Spring 53.74 +1.44 to +3.11 +1.92 to +4.80 | +2.30 to +6.54 | +2.62 to +7.55
Summer | 75.95 +1.35 to +3.48 +1.95 to +5.60 | +2.29 to +8.47 | +2.68 to +10.27
Fall 61.24 +1.84 to +3.80 +2.81 to +5.83 | +2.76 to +8.00 | +3.08 to +9.97
Annual 42.09 +1.92 to +3.53 +2.67 to +5.50 | +3.06 to +7.84 | +3.42 to +9.67
L. Winter 24.08 +2.06 to +3.97 +2.90 to +6.16 | +3.53 to +8.34 | +3.81 to +9.85
Minimum -
Temperature Spring 38.23 +1.74 to +3.47 +2.51 to +5.28 | +2.71 to +6.93 | +3.19 to +7.83
Summer | 60.35 +1.65 to +3.75 +2.23 to +5.72 | +2.61 to +8.66 | +3.32 to +10.64
Fall 45.41 +1.92 to +4.01 +3.14 to +5.88 | +2.96 to +8.49 | +3.63 to +10.28

The Cape Cod basin is expected to experience increased average temperatures throughout the
21" century. Maximum and minimum temperatures are also expected to increase throughout
the end of the century. These increased temperature trends are expected for annual and
seasonal projections.
Seasonally, maximum summer and fall temperatures are expected to see the highest projected
increase throughout the 21% century.
o Summer mid-century increase of 2 °F to 5.6 °F (3-7% increase); end of century increase
of 2.7 °F to 10.3 °F (4-14% increase).
o Fall mid-century increase of 2.8°F to 5.8°F (5-10% increase); end of century increase by
and 2.8 °F to 5.8 °F (5-16% increase).
Seasonally, minimum winter and fall temperatures are expected to see increases throughout the
21 century.
o Winter mid-century increase of 2.9 °F to 6.2 °F (12-26% increase); end of century
increase by 3.8 °F t0 9.9 °F (16-41% increase).
o Fall mid-century of 3.1 °F to 5.9 °F (7-13% increase); end of century increase of 3.6 °F to
10.3 °F (8-23% increase).




CAPE COD BASIN

Observed Mid-Century End of Century
Cape Cod Basin Baseline
1971-2000 | Projected Changein | Projected Change in | Projected Change in Projected Change in
(Days) 2030s (Days) 2050s (Days) 2070s (Days) 2090s (Days)
Days with Annual 0.76 +1.17 to +3.89 +1.93 to +9.25 +2.46 to +21.33 | +3.23 to  +33.89
Maximum Winter 0.00 +0.00 to +0.00 +0.00 to +0.00 +0.00 to +0.00 +0.00 to +0.00
Temperature | Spring 0.01 -0.02 to +0.09 -0.02 to +0.13 +0.00 to +0.20 +0.00 to +0.29
Over 90°F | summer | 0.73 +1.06 to +3.58 | +1.79 to +8.62 | +234 to +19.96 | +3.04 to +3161
Fall 0.01 +0.06 to +0.28 +0.10 to +0.68 +0.13 to +1.26 +0.19 to +2.26
Days with Annual 0.06 +0.08 to +0.63 +0.19 to +1.88 +0.25 to +4.51 +0.26 to +9.49
Maximum Winter 0.00 +0.00 to +0.00 +0.00 to +0.00 +0.00 to +0.00 +0.00 to +0.00
Temperature | Spring 0.00 +0.00 to +0.01 -0.00 to +0.02 +0.00 to +0.05 +0.00 to +0.08
Over 95°F | summer | 0.06 +0.07 to +0.61 |+0.18 to +1.85 | +0.25 to +432 | +0.26 to +9.11
Fall 0.00 +0.00 to +0.03 +0.00 to +0.06 +0.00 to +0.17 +0.00 to +0.42
Days with | Annual | 0.00 +0.00 to +0.07 | +0.00 to +0.31 |+0.01 to +0.80 | +0.03 to +1.71
Maximum Winter 0.00 +0.00 to +0.00 +0.00 to +0.00 +0.00 to +0.00 +0.00 to +0.00
Temperature | Spring 0.00 +0.00 to +0.00 +0.00 to +0.00 +0.00 to +0.00 +0.00 to +0.01
Over 100°F | summer | 0.00 +0.00 to +0.07 |+0.00 to +0.31 | +0.01 to +0.80 | +0.02 to +1.69
Fall 0.00 +0.00 to +0.00 +0.00 to +0.00 +0.00 to +0.01 +0.00 to +0.04

e Due to projected increases in average and maximum temperatures throughout the end of the

century, the Cape Cod basin is also expected to experience an increase in days with daily

maximum temperatures over 90 °F, 95 °F, and 100 °F.

O

Annually, the Cape Cod basin is expected to see days with daily maximum temperatures
over 90 °F increase by 2 to 9 more days by mid-century, and 3 to 34 more days by the
end of the century.

Seasonally, summer is expected to see an increase of 2 to 9 more days with daily
maximums over 90 °F by mid-century.

By end of century, the Cape Cod basin is expected to have 3 to 32 more days.




CAPE COD BASIN

Observed Mid-Century End of Century
Cape Cod Basin lg;i‘flzlggo Projected Change in | Projected Change in | Projected Change in Projected Change in
(Days) 2030s (Days) 2050s (Days) 2070s (Days) 2090s (Days)
Days with Annual | 0.79 -008 to -037 |-009 to -039 |-0.14 to -04 -0.15  to -0.4
Minimum Winter 0.79 -0.08 to -0.37 -0.09 to -0.39 -0.14 to -04 -0.15 to -0.4
Temperature | Spring 0.00 -0.01 to -0.00 -0.01 to -0.00 -0.01 to -0.00 -0.01 to -0.00
Below 0°F | summer | 0.00 000 to 000 [-000 to -000 [-0.00 to -0.00 |-000 to  -0.00
Fall 0.00 -0.00 to -0.00 -0.00 to -0.00 -0.00 to -0.00 -0.00 to -0.00
Days with | Annual | 104.75 -13.60 to -27.72 | -19.29 to -41.91 | -23.29 to -54.38 | -2454 to  -66.71
Minimum Winter 70.7 -5.68 to -12.20 | -7.00 to -20.22 | -10.21 to -29.71 | -11.46 to -38.36
Temperature | Spring 23.8 -5.16 to -11.14 | -7.22 to -14.64 | -7.87 to -17.32 | -9.50 to -18.96
Below 32°F | summer | 0.00 005 to -0.00 |-004 to -000 |-004 to -0.00 |-005 to  -0.00
Fall 10.16 -3.40 to -6.37 -4.69 to -8.2 -5.09 to -9.62 -5.34 to -10.71

e Due to projected increases in average and minimum temperatures throughout the end of the
century, the Cape Cod basin is expected to experience a decrease in days with daily minimum
temperatures below 32 °F and 0 °F.

e Seasonally, winter, spring and fall are expected to see the largest decreases in days with daily
minimum temperatures below 32 °F.

o Winter is expected to have 7 to 20 fewer days by mid-century, and 11 to 38 fewer days
by end of century.

o Spring is expected to have 7 to 15 fewer days by mid-century, and 10 to 19 fewer days
by end of century.

o Fallis expected to have 5 to 8 fewer days by mid-century, and 5 to 11 fewer days by end
of century.




CAPE COD BASIN

Observed Mid-Century End of Century
Cape Cod Basin Baseline
1971-2000
(Degree- Projected Change in Projected Change in Projected Change in Projected Change in
Days) 2030s (Degree-Days) 2050s (Degree-Days) 2070s (Degree-Days) 2090s (Degree-Days)
Annual 5956.64 -475.48 to -913.39 -685.90 to -1374.26 | -773.67 to -1828.23 | -854.04 to -2171.56
Heating Winter 2996.33 -164.51 to -347.77 -220.16 to -520.87 -277.06 to -697.53 -304.13 to -831.96
Degree-Days | gpring | 1753.89 -152.01 to -285.19 | -190.19 to -444.68 | -229.91 to -584.74 | -267.48 to -649.94
B 65°F
(Base 65°F) | g ummer | 94.49 3002 to -57.56 | -41.95 to -69.89 | -4465 to -80.65 | -4499 to -8545
Fall 1105.61 -131.82 to -268.87 -226.73 to -393.30 -215.14 to -547.22 -242.01 to -619.87
Annual 435.71 +144.74 to +364.43 +224.26 to +601.17 +250.48 to +965.18 +314.49 to +1226.21
Cooling Winter | nan +0.13  to +1.43 +0.38 to  +3.50 +0.92 to  +3.19 -0.34 to  +3.91
Degree-Days
o Spring 7.08 +3.48 to +9.44 +4.94 to +20.08 +5.86 to +34.34 +7.02 to +52.03
(Base 65°F)
Summer | 384.03 +107.28 to +279.41 +148.81 to +457.16 +184.27 to +701.82 +229.32 to +875.35
Fall 43.77 +30.85 to +80.41 +41.77 to +138.18 +48.96 to +224.33 +71.67 to +296.72
Annual 2421.38 +343.19 to +690.79 +460.30 to +1078.12 | +519.05 to +1678.13 | +617.96 to +2104.38
Growing Winter 4.84 +0.24 to +9.74 +0.28 to +15.26 +2.10 to +25.74 +4.23 to +35.89
Degree-Days | gpring 197.63 +50.56 to +105.22 | +69.23 to +195.43 | +77.64 to +277.13 | +77.88  to +342.92
B 50°F
(Base 50°F) | o mmer | 1669.64 | +137.95 to 433236 | +19073 to +52048 | +224.93 to +78931 | +27812 to +958.80
Fall 546.41 +107.92 to +248.13 +174.67 to +396.65 +168.86 to +571.84 +215.05 to +716.85

e Due to projected increases in average, maximum, and minimum temperatures throughout the
end of the century, the Cape Cod basin is expected to experience a decrease in heating degree-
days, and increases in both cooling degree-days and growing degree-days.

e Seasonally, winter historically exhibits the highest number of heating degree-days and is
expected to see the largest decrease of any season, but spring and fall are also expected to see
significant change.

o The winter season is expected to see a decrease of 220-521 degree-days by mid-century
(a decrease of 7-17%), and a decrease of 304-832 degree-days by the end of century (a
decrease of 10-28%).

o The spring season is expected to decrease in heating degree-days by 11-25% (190-445
degree-days) by mid-century, and by 15-37% (267-650 degree-days) by the end of
century.

o The fall season is expected to decreases in heating degree-days by 21-36% (227-393
degree-days) by mid-century, and by and 22-56% (242-620 degree-days) by the end of
century.

e Conversely, due to projected increasing temperatures, summer cooling degree-days are
expected to increase by 39-119% (149-457 degree-days) by mid-century, and by 60-228% (229-
875 degree-days) by end of century.




e Seasonally, summer historically exhibits the highest number of growing degree-days and is

expected to see the largest decrease of any season, but the shoulder seasons of spring and fall

are also expected to see an increase in growing degree-days.

o The summer season is projected to increase by 11-31% (190.73-520.48 degree-days) by

mid-century, and by 17-57% (278-959 degree-days) by end of century.

o Spring is expected to see an increase by 35-99% (69-195 degree-days) by mid-century
and 39-174% (78-343 degree-days) by end of century.
o Fallis expected to see an increase by 32-73% (175-397 degree-days) by mid-century and
39-131% (215-717 degree-days) by end of century.

CAPE COD BASIN

Mid-Century End of Century
Observed
Cape Cod Basin Baseline
1971-2000 | Projected Changein | Projected Changein | Projected Change in Projected Change in
(Days) 2030s (Days) 2050s (Days) 2070s (Days) 2090s (Days)
Annual 7.02 +0.16 to +1.76 | +0.66 to +2.66 | +0.45 to +2.92 +0.55 to +3.41
Days with .
L. Winter 1.45 -0.10 to +0.62 | +0.08 to +0.67 | +0.02 to +1.04 +0.09 to +1.35
Precipitation
Over 17 Spring 1.65 +0.08 to +0.65 | +0.08 to +0.90 | +0.22 to +1.05 +0.29 to +1.20
Summer | 1.92 -0.18 to +0.55 | -0.13 to +0.78 | -0.40 to +0.66 -0.46 to +0.58
Fall 2.01 -0.23 to +0.62 | -0.13 to +0.85 | -031 to +0.94 -0.35 to +1.11
Annual 0.75 -0.04 to +0.43 | +0.07 to +0.52 | +0.08 to +0.71 +0.05 to +0.74
Days with .
L. Winter 0.09 -0.05 to +0.16 | -0.02 to +0.15 | -0.02 to +0.20 -0.02 to +0.27
Precipitation
Over 2” Spring 0.05 -0.03 to +0.13 | +0.01 to +0.18 | +0.02 to +0.19 -0.01 to +0.25
Summer | 0.33 -0.07 to +0.15 | -0.05 to +0.23 | -0.05 to +0.20 -0.05 to +0.22
Fall 0.28 -0.04 to +0.13 | -0.01 to +0.20 | -0.01 to +0.23 -0.07 to +0.31
Annual 0.01 +0.00 to +0.03 | +0.00 to +0.03 | -0.01 to +0.05 -0.01 to +0.05
Days with .
L Winter 0.00 +0.00 to +0.00 | +0.00 to +0.01 | -0.00 to +0.00 +0.00 to +0.00
Precipitation
Over 4” Spring 0.00 +0.00 to +0.01 | +0.00 to +0.00 | +0.00 to +0.01 +0.00 to +0.00
Summer | 0.00 -0.01 to +0.02 | -0.01 to +0.02 | -0.01 to +0.03 -0.01 to +0.03
Fall 0.01 -0.00 to +0.02 | +0.00 to +0.01 | +0.00 to +0.02 +0.00 to +0.03

o The projections for expected number of days receiving precipitation over one inch are variable

for the Cape Cod basin, fluctuating between loss and gain of days.

o Seasonally, the winter season is generally expected to see the highest projected

increase.

o The winter season is expected to see an increase in days with precipitation over one

inch of 0-1 days by mid-century, and by 0-1 days by the end of century.

o The spring season is expected to see an increase in days with precipitation over one inch

of 0-1 days by mid-century, and by 0-1 days by the end of century.




CAPE COD BASIN

C;bse?led Mid-Century End of Century
aseline
Cape Cod Basin 1971-2000 Projected Change in Projected Change in Projected Change in Projected Change in
(Inches) 2030s (Inches) 2050s (Inches) 2070s (Inches) 2090s (Inches)
Annual | 44.94 -1.08 to +3.47 |-038 to +454 |-078 to +579 | -0.83 to +5.45
Winter 11.63 040 to +1.24 | -0.22 to +1.59 |-005 to +2.10 |-0.04 to +3.13
Pret;li-;ittaaltion Spring 11.51 -0.04 to +1.48 -0.26 to +1.67 | -0.21 to +2.08 +0.08 to +2.45
Summer | 10.24 -0.95 to +1.19 -1.05 to +1.73 | -164 to +2.00 -222 to +1.66
Fall 11.62 -0.96 to +0.90 | -0.99 to +1.09 |-1.40 to +1.64 |-152 to +1.26
e Similar to projections for number of days receiving precipitation over a specified threshold,
seasonal projections for total precipitation are also variable for the Cape Cod basin.
o The winter season is expected to experience the greatest change with a decrease of 2%
to an increase of 14% by mid-century, and an increase of 0-27% by end of century.
o Projections for the summer and fall seasons are more variable, and could see either a
drop or increase in total precipitation throughout the 21*' century.
The summer season projections for the Cape Cod or basin could see a decrease
of 1.1 to an increase of 1.7 inches by mid-century (decrease of 10% to increase
of 17%), and a decrease of 2.2 to an increase of 1.7 inches by the end of the
century (decrease of 22% to increase of 16%).
The fall season projections for the Cape Cod basin could see a decrease of -1 to
an increase of 1.1 inches by mid-century (decrease of 9% to increase of 9%), and
a decrease of 1.5 to an increase of 1.3 inches by the end of the century
(decrease of 13% to increase of 11%).
OBbse?Ied Mid-Century End of Century
aseline
Cape Cod Basin 1971-2000 Projected Change in Projected Change in | Projected Change in | Projected Change in
(Days) 2030s (Days) 2050s (Days) 2070s (Days) 2090s (Days)
Annual 18.72 -1.06 to +1.99 | -0.56 to +2.62 | -0.34 to +3.63 | -0.26 to +4.65
Consecutive Winter | 10.19 052 to +1.53 | -044 to +1.46 |[-031 to +1.83 |[-094 to +1.97
Dry Days | SPring 11.59 099 to +1.21 | -086 to +1.50 [-1.00 to +1.48 [-134 to +1.58
Summer | 15.38 -1.00 to +2.02 |1 -0.83 to +2.61 | -0.89 to +4.38 | -1.03 to +5.26
Fall 13.05 057 to +2.45 | -0.04 to +229 [ +0.17 to +2.82 | +0.04 to +3.45

e Annual and seasonal projections for consecutive dry days, or for a given period, the largest

number of consecutive days with precipitation less than 1 mm (~0.04 inches), are variable

throughout the 21* century.
o For all the temporal parameters, the Cape Cod basin is expected to see a slight decrease

to an increase in consecutive dry days throughout this century.

o Seasonally, the fall and summer seasons are expected to continue to experience the

highest number of consecutive dry days.
The summer season is expected to experience a decrease of 1 day to an

increase of 5 days in consecutive dry days by the end of the century.




CHARLES BASIN

MUNICIPALITIES WITHIN CHARLES BASIN:

Ashland, Arlington, Bellingham, Belmont, Boston, Brookline, Cambridge, Dedham, Dover,
Franklin, Holliston, Hopedale, Hopkinton, Lexington, Lincoln, Medfield, Medway, Mendon,
Milford, Millis, Natick, Needham, Newton, Norfolk, Sherborn, Somerville, Walpole, Waltham,
Watertown, Wayland, Wellesley, Weston, Westwood, and Wrentham

Many municipalities fall within more than one basin, so it is advised to use the climate
projections for the basin that contains the majority of the land area of the municipality.



